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方法：体内实验：取 24h 内新生大鼠股骨体外器官培养，分别用 PTHrP 信号通路
激活剂 PTHrP（1~34）和 PTHrP 受体竞争抑制物 PTHrP（7~34），Notch 信号通路
激活剂 Jagged1/Fc 和抑制剂 DAPT 处理，空白对照加 PBS 缓冲液，培养 72h 后
收集标本行HE染色比较骨骺干细胞层在骨骺全长中比值和BrdU染色检测细胞增
殖情况，并用免疫组化染色方法检测当 PTHrP 信号通路被干预时 Notch 信号通路
配体 Jagged1、受体 NICD 蛋白的表达情况，及当 Notch 信号通路被干预时 PTHrP
蛋白的表达情况。体外实验：采用机械分离和酶消化法分离培养骨骺干细胞，与
PTHrP(1~34)、PTHrP（7~34）共培养后，用 Western 印迹检测 Jagged1、NICD 蛋
白的表达，同时进一步通过构建 PTHrP、NICD 过表达和 RNAi 慢病毒转染体外培
养的骨骺干细胞，在用 Western 印迹检测相应基因转染成功的前提下，检测当
PTHrP 信号通路被干预时 Jagged1、NICD 蛋白的表达情况，及当 Notch 信号通路
被干预时 PTHrP 蛋白的表达情况。 






NICD 蛋白的表达则降低；而当 Notch 信号通路被激活时，PTHrP 蛋白的表达降低，



































Objectives: To investigate the regulation of PTHrP and Notch signaling pathway on 
the proliferation of epiphysis stems cells, and to understand the relationship between 
PTHrP and Notch pathway.  
Methods: An organ culture system was used to cultivate femurs of SD rat in 24h after 
birth. PTHrP(1~34) was used as the activator of the PTHrP signaling passway and 
PTHrP(7~34) as the antagonist of  PTH/PTHrP-receptor PPRs. For Notch signaling 
system, Jagged1/Fc was used as the activator and DAPT as the inhibitor of it. The 
femurs were cultured in DMEM/F12 medium while phosphate buffered saline was 
used for the control groups. HE staining and BrdU assay were used to analyze the 
length of the epiphysis stem cells zone and the proliferation of epiphysis stem cells. 
The expression of Notch signaling ligand Jagged1、Notch signaling receptor NICD and 
PTHrP were analyzed by immunohistochemistry. In vitro, the epiphysis stem cells 
were obtained by a mechanical and enzymatical isolation method. After treatment by 
PTHrP(1~34) and PTHrP(7~34) for 24h, Jagged1 and NICD in the epiphysis stem 
cells were detected with Western blot analysis. Furthermore, the epiphysis stem cells 
were tranfected with the lentiviral vectors with rat PTHrP、NICD gene overexpression 
or inhibition properties, the cells transfected with the PGC-GFP-Lentivirus or 
NC-GFP- Lentivirus were used as control. Western blotting was employed to detect 
the expression of the Jagged1、NICD and PTHrP. 
Results: PTHrP(1~34) and Jagged1/Fc can remarkablely rise the rate of the epiphysis 
stem cells zone by the whole growthplate length measurement(P=0.0030 and 0.0050) 
while PTHrP(7~34) and DAPT can decrease the rate(P=0.0008 and 0.0030). BrdU 
assay also showed that the number of proliferative epiphysis stem cells can be 
upregulated by the PTHrP(1~34) or Jagged1/Fc pathways(P=0.0008 and 0.0030). By 
contrast, the treatment with PTHrP(7~34) or DAPT reduced the proliferation of 















blotting showed a significant increase of the expression of NICD and Jagged1 when 
PTHrP signaling was activated while a reductive expression of NICD and Jagged1 
when PTHrP signaling was inactivated. In contrast, when Notch signaling was 
activated, PTHrP expression reduced while PTHrP expression was increased when 
PTHrP signaling was inactivated. 
Conclusion: Both of the PTHrP and Notch signaling system could promote the 
proliferation of epiphysis stem cells and the two signaling pathways constituted a 
negative feedback loop in the proliferation. 
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达[7]，其可通过自分泌或旁分泌方式与 PTH/PTHrP 共受体—1 相互作用，调控软







早于 1917 年在果蝇中发现，其是根据果蝇翅上凹陷的突变表型而命名的， 
Notch 信号转导通路由 Notch 受体(Notch1～4 )、Notch 配体 ( Jagged1、2 和



















细胞（hematopoietic stem cell，HSC）体内自我增殖的过程中 Notch 信号的表达
是增强的，而在造血干细胞的分化过程中则表达减弱[10]，而且在干细胞体外培
养试验中发现[11]，微环境中加入 Notch 信号通路配体 Dll4 可使细胞的存活率大
大提高，而且 Notch 切割拮抗剂—γ分泌酶抑制剂 DAPT 可抑制这一促进细胞存
活的效应。由此可看出 Notch 信号可能在调节干细胞增殖和分化中起一定作用。
由于 Notch 信号对细胞生长调控的广泛性，Notch 信号通路对骨骺干细胞的生
长是否也有调控作用并不明确。 
针对以上问题，本实验拟通过体外器官培养新生 24h 内大鼠股骨，模拟骨
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